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V,~~~~~~T 1.AthjaRai./.SmEe

3TNDY OF REEACTOI DIMFSION r,' 'IMAL -C03'CTMD GAS8 S)ZTM.

1, GENERAL FIartM OF FiC]MON

2. Rst~on~l Rqqi for Cr ani-.atior, of PL-searoh on Reaction Diffusion

in 7vsten;- Contairninng Ccmrnround Gas

T~he action. of P cftemicclly sative g~is medo-iu on surface layers of m-tallic

products occurs in two ir~portant rkress of the industrial practice. such as,

firstly, in the cherrical treatapnt in gas nmelia enri, secondly, ic the service

life of nroducts when they are surrzoundel by a~eressiva gaseoius Melia,

particularly at high tenpere-tues (E~s-ind uc e,.' c-rrosio:),

:n all these cases, there rnitrzeas and rAcvelopnL the rrocess of the Fo-called

reaction diffusion, it which a layer of prrc'ucts re.sultinE; fromt the chem~ical

reaction of :Yjetal with Can Luedium tviz. t.-e drcqs) appears on the outer

surface of metal; a further process of their interaction is affected

by the "ffusion ,'f ators or ions of rx-te11ic an-i Fnspous componentr

*'oLzýjh the Thyers -& fro&-ucel Po'cli phsrzes, co. 5Ine' uwIth che--ical reactionp

1:. bou:iŽsr; 7onre5 near surfaces Ee-.arsting "metal - ý.ross* and Mross - gas

ne~ii=, as w.ell as on boxL-2flrips betw~rn layers of rcqctiaL products - r

(.~if~r r.~i ictoi,.' -;Pvtr,9l of therm are elo'd

I~sr-sesrches w,-6 (cnn'uct.-. in this Dimportiqnt arrea od hysico-

-chfz:Ic~sl proý-1e7s. R,-tfraniuE7 froz their !,-tpiled review, wt can note

that th'r5.? re-iamrch~A w'jre concernel mainly with examining



the processes of reaction diffusion In binary *solid metal -goa' systeme,

whose both components aer chemical elegents. '.e can reýfer al.so to numerous

researches of the same k~nd for mor oicmples syster~s of Lhe 'solid alloy

of metals E asO type. in 'ahich several chem~ical elemrents (alloy corponents),

interacting vitb one L~aseoui. element, Iparticipaze on the side of the initial

solid medium*

C orse, the stu~ias of these s.Ytezý- Arc r-or'p InterestinG from. the v'ie.-

,-oint of pl-ctice in whic'i t.-io -4lo.p Rre er-ploy-.d Alm'ost constantly

in~ite8 of pure rvi-tals; ho-w-ver, at. thp same timre, they arF more difficult

for researcho-s thsn theý bin~ary syrtemi. 3ut, if prctical intereste

sre ýiscaissed, we nu,,t note th1Rt t~he practical req-Arenrnts c,-)=,licate

rt~ll further th~e researches on rehction r~iffusloa, becausa of an

nuxxber of cases erncourt:reý5 in p'ractice, wherein not only the initial solid

me~ixmL bit alpo t-e ;-grous -r4u coatains severAl chemically active

coml-.cnents iný!l~ed in- the cocjposition of develoed, drosst-layer forming

mroli phaqses. Thu!!, for instance, tarts of equipnent in Loom branches

o! en-,ineering experience the action of fuei-cor-buftion rrolucts, containing

'in ae-'itloa. to r s6idus oyyrgen) 61.9o the cm-orients which yield,

from the L-po 1-hae, sul'fur, cArbon aarl otner e:7-r.-nt5 participati~az

ir, the 5ro-s foi-i~tiono be~i1ps oiWLer., alino nitro~en, etc,turn out to be

!ere we mayx Incl.i'e also the cq~its vlierein thse Cssecus medium contains,

ýtpart fro:. An *rtive chemical element, likobvisve oth~er neutral olements,

i. e. those no", conzr'see in the eL-aosition of chemical coazpoumds

producei on the surface of astal.
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ehemically active for certain metals and alloys during their oxidization

in stmomphrir airm,

The nmlticomponent nature of the system causes a cotqleatioi

of the reaction-diffusion process in tWo respect*.

Firstly. an increase in Vte nz=ber of •'wtem components result-'

in a erowine variety of nne!cent intermediate phases in this system#

these phases Miffer in cor;osition arn structure, which complicates

decodine of the dross-construction picture.

Secondly, variation' In the d.fflnion penetr-a,,ce of intermediate phases,

cauged by differences in their structure and coz.position, Inucee viratlit ;

in the total court.. of liffusion through the entire rmultilayer dross

upon the who!,, i. e. coriplicate the picture of reactot-dif fusion kinetics.

In forwilating the general coal of etutying the reaction diffusion

(particulnrly, the gas corrosion and technological processes involved

in production of neat-resiqtant coatings) for seeking, prectical mbthodse

to rneulate th-se rrocesses, it is possible to eiteblish P large group

of :iore 5pecial problems which may be ýescribeod as rotlerrA of Ltudyinv

the reaction-•diffusion mechanism in systema belongin to the type

of liolid elemzpt (reta1) - mixture of two chemicl8y active gaseous

com.-onents' (in tne 're"ence or able:.ce of other ne',tral ea.eou- components).

For tht eaje of brevity, such syst:ms can oe Aesignatwd by the syxbol

"( ToX' X')2. *anla ' t n@ft fOOVDote' appears M the next 14ol

of this translation.
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2

*de assaume that XI and 'X do iiot interact in tima gaseous pba.s

and. Coneequenti:'.e do niot Troiuce Esseous co=Poumds of the "0tpe

whose !nterectlofl with rttel mray differ from the interaction of IV Md X

with metal.

2. FActorsreeriq~l Forticn onf Strtur' -in Diffugsior, Iaverl

- in,-ti,! (f :-Pci7 .7iff-o~ion In. *. of IMP- - (X'+- .')'ry

a. :bnf~neof th*! tvr-e of 9ýat- js for binary an4A ternazf

5ývtemol of Ple7ýnta rnartjci-qtInr Jr. +- reaction !Jffusion.

,ne phýIee WliicL =a develop in the Constitution of dross luring a reaction

Aiffusion in the 01-a ('X system, w we'A as tae chemical coz~poeition

and the crystallic structure'of theme ;hipsss, are deteruine,3, fir'st of all,

by the state !IagrbLm of the ternary ;.! - XI - XI system; ternary cherrieal

ccuipcunle. aeve'opinE i.n dross, are contain*edA in this diagram and they emerge

-)r a sirxiitsreoui diffusion of X, an I Ole-ents, adsorbed fmn the 6:asoux

ro~1iu on. the s.x.face o" t~.-e solid phase anA into the, d3ipth -f the latter,

whelre aiffasqiD'Ct~ (or ionsa) of XI am-' 79 enm'ounter thA atom (or Ion.)

of Ye. The che-Ic-sl inter-Rction of t'Lee cc:conenr,-L vill fo:-7. at ths- qatm tl..e,

a Ir sr a d!irerserbt~ cor -sitlor. iczcOr.dinr *0 Iirffr*Dess

in the c~r.rm-zter of Fr~l~bnr tate rxiia-rwaz rr-'Acs-e by chopiial

comnpounds5 vhic~r, are ccntzinod in binrTx myst." Of 'N X'' amN 'w*
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ACshall exwa~ine t~hree principal c~sas of a varicjuh cotabiriatior.

of '%he-%* comnpou'~s. i. e. principall ty'pes of such psrio Aanry syetems

tha~t corres;-'on'i to principal. varipr.tB of the react' on-Aiffuxioa pr~ess

0~1#ý - (XT4 YO)o q-,,FtCms. a hl seuw-, %t the ta;, tija. Vtat tveryone

of constituent binary 9;yatez~a$ ;-;e - X1 sod M<e - X1, (Dntains one chen.ital

Firrt :;a92. Tte f u-xCo-tfnary stete 'arzr'T the -animltel reci-,rccel

ýisolvntllity of com:o'.ýrl~rrc. in binary :tezof 1-; - X /21

an.'1 i*', X%.

DurinF the conjunct rcwztior. 'li~fu.ion of Y. an-' X, eýlen-nta In'to the solid

:rtal ýi- wo shell ',ave e fo:--tic'n c'! -roes ccr.Aieting .ý-f one rhm~ae

wit'& ralients of the con~cenratreion in de'.th for both cor.7-or~ents,

'~co=,.ositiom of this These can :reýeiZ7te otiOnnllY b7 the ?0o7.lm

wherein /S lor klpons on the relation of -artial ',rt-sures or X1 and XO

in the -elecm &M ar :. t'he ~r.ft-e che,-2.cnl affinity

of th-!we k-en-.tq to =kttl; Ok mn1 fI0 c iir v,.Ruep on Vth outer

~.-Lrface of ~eto zz-iu values oan tt% ýrcs!-r)ttai !roux.~&ry; at t-ý- es8M tiJU

t'erelatlr. - ~n!m are retaine-4

3
In thet~~e of a lar~e nunter of intern,&Iltte in binrya

systems, "Lo thn13-iei~ or a role 'T~e~by variou-m ccrblný!Oc or ;y>,Vs

*of suct mysoter ir. the goerm rv~wctlon-d1Y!.f5ii process r~quirse

takine into .ecoourt a corr?.8 ningly largo nuxbor af ^tt*t diagram

4of piweýdo-bir.-Ary systems of the 'Fwl - ýbp1m type,
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In a special caze. when only solid solutionp of X1 or X9 in Me

are produce-4 in constituent bin~ry -:stemr. i. a. (i18. X') am~ (W~ XI).

the dross wil: consisit of the ternAry m~ollA lutior,

Seco!v C~e. ThKe rseudo-binAry state 41.rxam withi a lir.-te--i dissolvability

of 11 and X* in mn35 A',z X8 ccymur.s. 7j--- th:e Aroes mt-ucture

will have another form; the ouýter le.rwill ý_n-,t of tnle ~A,'os

with a higher content of this Y'ertic~ilmr -1-_-et (P' or X', which is er5Oawe~

with a lower diffusion mcbilit-r. T!" we ssj:at~ tlhe diff*usion nobility

of 71 iz loweor thcrn t~at of XO, thein t-:e -ut(-r 1l-:,r wIll consixt

of the Thnes ').~e Sý<rt. At P er-'.-fic *~~hin the dross,

there im a possibility o~f er-r~ecciten sed evelu'r~ent of a la-er of another

rhase with P-n increasel' cnneenratiton of thin -articular 'Espeou.0 ehb~nt

which is endowed with a hich-r dlff~usicn nmohiJity, viz. the pha~o

;XOX_ , wherd E <<
P

(for tte ex&~L.e prepented abovre).

7Thl~r- C-cse4. No dissolvsbility of X' in 1O X' aPx1 of V' in No'

In. this cAse, the di4.rrence in t;. -i~~ affirnitv -f 'K an, ,

to Nee plays a Trni~role in ief slnof !roas stne turo.

kt thr Y^-rv 1ai~th--T-e sAlop .,n t'.r nxtsl 5,-'1sce a layer

c o-rTDseA of the -"!oe erti: !r th^ bin~rir wyrtem whic'> i'q -poeucel

by NO 4 nt~ hi-R prticulir --'e-en~ t ei *hr V or X91 tia t !-,4, a closer

chvotmicl !Nffintty to ý@ Psty, fzi- instmnco. wIth V (i. a. th, layer

co-nailst of thie ýOCX Thaa.'. %.e to t?-e fact that the other eleojnt CIO)
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is not A.1s9.olvable in tbis layer, the 19tter Irreventa X" from nenetreting

ti the zatal ani from rro-ucing com!pnounds pree-ent in the second binary

Y* - X0 sasstex, ealthouCh theee coc-onc!s are therx.&ynPer4ially atable

umer con~itioas of the procees, similarly to comoun..s in the i.e - X' •yet~a.

b..•rfIn aLnce of the type of tU-o, crvt4l!ic str'•cture of Phases

Arowjunel ir. the drojfss

"-ie qc.ove exponition mlkep it cle•ur that _ifferenwes in the rate

:,f ;iffu-acon of cor;'onents through the layers of -hesee - reaction .-r•.,utl

are very importent for the i•rose for;'mtion# at the !eme tin", these

aiffereuces become sstablisheA to n Aifferent exti-nt for vvrious layers

of tne dross; eacondingly, e more or less corlex Uistribution

of the dertb concentration of .omronents L- 'Žhe Aross beco:.•- establishel.

In turn, the Aiffuplon rate of comonents is leterznee by crystellocherical

c:-aracterietics of proPuieý phases. such as the crystallographic type.

of lattiees; character an! magnitude of forces of the interatomic ii~

in these lattices; ratios of atomic ani ionic radii of comnonetits;

n1ercy of phases to thp lpvelorrnent of vacancies; relatlie l¶imauions

of Interstice! end bot.'; tyvres of the solil solution of X' arO XV nom,'onenta

in the lattice of the chemical conpounl and, in -articular, the typ

oi the solid solution Tz5uced by a rore -ati]y dJffusing component

(for instence. X') in the lattice of compound of a less slowly diftuaing

component (X*) with metal, i. e. in the lattice of - X% phase;

which con~t4tutes in the given case the outer layer of dross. In a6ditioa

-7-
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to these principal factors, ti.ere are Boa* seconlary factors, depen4ing

on p~tncipael ones, which are highly 1r'ortant for the diffusion in solid

rhases. These seconlary factors incle'e tCie continue-mly stable

distortlons of structure; mossic nature and substructure of crystallites;

the rreserce of intercrystellite bonrinus in polycrystals, etc.

Tae crystallographic type of lattices and the character of bonling forces

in thes3 lattices letermine also the mechanisr of these PoWiv-phase chemical

reactions (phsse transforaa;ions) which occur during the reaction..¶iffusion

process on boundaries of dross layers. A special place in this grwip

of phenominaconstituting the reftcton diffusion, is occupied by the chemicai

adsorption of Caseous coconoatc oa the outer surface of the droes,

The necezAity of a detailed study o0 the dross structure upon the whole,

Wn, of the structure of its individual constituent homogeneous layers,

is caused by -hese considerations

4
In addition to the above indicated factors, viz, the phase ccposition

and structural relstion of the diffusion in each sinrle-phase layer of drosse

in order to gain an unierstanding of kinetics of the reaction diffusion

upon the whole, it is necessary to take into account a nxuber of supplerentul

factors, particularly phaie 6ransformations i nhen X' and 1'eleMents

(or one of them) dissolves in t~is metal, thus changing the condition.

and rate of the chemical 'eaction on the metal-dross boundary; further on,

in eowe cases it is n.-ossary to take into consideration the pogsibility

-8-----------
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of the fornotion of solid rhases, resulting from chemical reactions

In the easeous medili on the surface of metal (or 8ross). This can delay -,

the penetretion of VI and X atoms into the -ross, or the exit of 14 atom.

(diffusineg from inside) on the outer surfece of the dj-,'oe This ray chanme

also the structurt of dross, inasmuch as its outer .layer will become 1-biect

to changed thermodynamic conditions due to a different concentratA,'l

of X' ard X0 on the outer surf.ace of dross.

Ural State University .eceived by •ditcrs

"Namd in Honor of A. Y. Gorkiy on Nvember 2nd, 1959
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